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ABSTRACT 


We have detected the 2 ny 2 ( J - 3/2 to 1/2) transitions of OH at 
163.12 and 163.40 um, and obtained upper limits for the 2 H 3 / 2 (J 3 3/2 
to 1/2) transitions of CH at 149.09 and 149.39 um, in observations of 
the Kleinmann-Low Nebula of Orion. All four flux levels lie between 1 
and 1.2xlO J7 W cm -2 . The OH lines are bright when compared to the 
lower, 2 n 3/2( J 3 5/2 t0 3/2) fluxes reported by Storey et al . (1981) 
or Watson (1982) and imply that the 119 um emission these authors 
observed is partially self-absorbed. The combined results provide 
strong constraints. Taken together with existing data on molecular 
hydrogen and CO (e.g., Scoville 1981, Shull and Beckwith 1982, Stacey et 
al . 1983) and recent data on other OH transitions (Viscuso et al . 1985) 1 , 

' " ' A — 

they suggest OH emission from post-shock regions at temperatures T ~ 
IcPk, densities n H 2 - 7><10 6 cm -3 ng H ~ 80 cm -3 optically thick for 
the 2 H 3/2 ( J 3 5/2 to 3/2), 119 um but only partially self-absorbing 
in the (J = 7/2 to 3/2), 84 um transitions over a Doppler velocity 
bandwidth of 30 km sec -1 . The OH column density is Nqh 
- 4X10 16 cm -2 in the emitting regions which occupy a fraction gf - 0.1 
of a l'x l* fi^ld of view centered on the Beckl in-Neugebauer source. The 
CO (J = 31 to 30), 84 um transition appears to lie sufficiently close to 
one of the 84 um OH line components to be partially absorbed as well, 
through a Bowen-type mechanism. 

"'‘Viscuso, P. et al. , accepted for publication, Ap. J., 1985. 
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I. INTRODUCTION 

During the past few years a number of interesting far-infrared and 
submillimeter spectral observations have shown excited CO and OH to be 
present in the Kleinmann-Low Nebula (K-L) of M42 (Watson et al . 1980, 
Storey et al . 1981, and Stacey et al . 1982). These observations are 
consistent with emission from a shocked or post-shock region which for 
CO has been found to have a temperature around 1000 K. For OH that 
temperature is not well established, but Watson (1982) assumes a 
temperature of 750 K. He argues for an OH column density Nqh ~ 1.5x 
10 16 cm -2 , pointing out that such an amount of OH will lead to an 
optical depth for resonant scattering of t - 40 for an assumed line 
width of 30 km/sec. Recently, Matthews et al . (1985) 2 have reported 
emission in the A-doubling transitions within the rotational ly excited 
state 2 n 3/2 (J a 7/2) with a broad (~25 km sec" 1 ) emission line-width 
in the F = 4 + + 4" component. Their observed flux is 10 -25 W cm -2 or 
10 * 2 photons cm -2 sec -1 , which contrasts with ~5xl0 3 photons cm -2 sec -1 
per doublet component observed at 119 urn by Storey et al . and by Watson. 

CH has, to date, not been reported in the Kleinmann-Low Nebula, 
though its abundance in the Galaxy is quite high in the general 
interstellar medium and though Rydbeck et al . (1976) observed CH 
emission in the ambient M42 complex, in regions that extended over 1 
degree in diameter. Abundance estimates are difficult to make, but 
comparison to Goss's (1968) results suggested that CH/OH concentration 
ratios might be of the order of 0.2 for clouds of the class of M42. 

This is a very loose estimate, since the range could stretch a factor of 

o 

Matthews, H. E., Baudry, A., Guilloteau, S., Winnberg, A. , Submitted to A. &A. , 
1985. 
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3 higher or lower; but this ratio was high enough to encourage us to 
also search for CH in the Kleinmann Low-Nebula. 

II. OBSERVATIONS 

On the nights of March 14, 16, 17 and 21, 1983, we flew a series of 
four flights on the NASA Kuiper Airborne Observatory (KAO), during which 
we carried out a variety of observations on different celestial 
sources. Here, we will provide results obtained in observations on the 
Kleinmann-Low (K-L) region of M42, both for the OH transitions 2 ^\/z^ 

= 3/2 to 1/2) at 163.12 and 163.40 um and for the 2 n 3 / 2 (J = 3/2 to 
1/2) transitions of CH at 149.09 and 149.39 um. The wavelengths cited 
have been well established in laboratory studies, respectively by Brown 
et al . (1982) and by Brown and Evenson (1983). 

We made use of our grating-interferometer instrument (Harwit et 

al . 1981), which provided us with a spectral bandpass of ~l.lu and a 

resolution of 0.1 cm" 1 corresponding to a resolving power of ~6Q0 in the 

wavelength range of interest. The precision with which the wavelength 

corresponding to a given spectral bin could be determined was twice as 

high, 0.05 cm" 1 corresponding to ~0.1 um. Data on the OH lines were 

obtained on the nights of March 16 and 17. Data on CH were obtained on 

the nights of March 16, 17 and 21. Two sources of difficulty 

* 

complicated the data reduction. The lines expected are weak, compared 
to the strong continuum radiation. In addition, there also is a strong 
CO transition (J = 16 to 15) at 162.812 um, and strong telluric H 2 O 
absorption at 148.7 um. These additional features make for difficulty 
in establishing a baseline above which the OH and CH features have to be 
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discerned. Fig. 1 presents the OH data. 

Confirming data were also obtained on flights carried out during 
the nights of January 26, 1984, and January 16, 1985, at an improved 
resolution of - 0.045 cm -1 corresponding to a resolving power of >1400 
or a spectral discrimination of 0.023 cm -1 and a corresponding accuracy 
in wavelength determination of one part in - 3000. 

Table 1 provides the line fluxes we determine. We feel that the OH 
lines are reasonably secure. The CH fluxes appear as weak indications 
which must be treated as upper limits and will have to be rechecked. 

Table 1. Observed Fluxes due to OH and CH from M42 


Wav el ength 

Mol ecul e 

Transition 

Line Flux 

163.12 

OH 

2 H 1/2 (J=3/2 to 1/2) 

1.2±0.6xl0" 17 W cm- 2 

163.40 

OH 

1.2±0.6 

149.09 

CH 

2 n 3/2 (J=3/2 to 1/2) 

<1.0±1.0 

149.39 

CH 

<1.0±1.0 


The strengths of the lines listed in Table 1 were derived from the 
1 ine-to-continuum ratio observed for the K-L region, using data of 
Werner et al . (1976) for the strength of the observed continuum 
radiation, assuming a 1 1 , circular, continuum-emitting region. Since 
the main uncertainty in the signal strengths lies in the baseline 
subtraction, this is the factor which gives rise to the effective 
signal -to-noise ratios cited in Table 1. Far-infrared and 
submillimeter data currently available for OH and CH, both from other 
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groups and from ours, are summarized in Table 2. Figures 2 and 3 show 
the relevant energy level diagrams. These flux values are based on a 
calibration making use of continuum radiation levels in M42 established 
by Werner et al . (1976). Had we used corresponding values cited by 
Erickson et al . (1981), we would have obtained flux entries 30% higher 


throughout both tables 



Table 2. Data on OH and Cll Transitions 


Molecule Transition 


Excitation 

Temperature 


Wavelength 


Source 


Transition 
Probability 
from Upper Levels* 
(sec- 1 ) 


Observed Flux 
Photons cm- 2 sec -1 





163.40 Miu 


0.13 t 

io 1 * 

OH 

( 2n i/ 2 )F2-F 2 (J= 3/ ^ 1/2) 

270 K 

163.12 

This paper. 

0.13 


id* 




119.44 


0.14 

4.8 

x 10? 

OH 

(2n 3/2 )Fl ' Fl 3 /2) 

120 K 

119.23 

Watson (1982). 

0.14 

4.8 

x 10? 




84.60 


0.52 

4.7 

x ltf 

OH 

(2n 3/2 )Fl " Fl(J=7/2 ' 5/2) 

290°K 

84.42 

Viscuso et al . (1985) 

0.52 

3 

x 10?^ 

OH 

( 2 n ) Fi (J= 7/2)4^ 4“ 

290° K 

2.2 cin 

Matthews et al . (1985) 

9.3x IO -9 


io - 2 


3/2 


149.39 Min 

(see footnote p. 3) 

0.034 

<7 x 

10 3 

CH 

( 2 n 3/2 )F 2 -F 2 (J=3/^l/2) 

95° K 

149.09 

This paper. 

0.034 

<J 

x 10? 

CH 

( 2 « 1/2 )Fl -Fi (J=9/2- 7/2) 

390°K 

88.55 

Viscuso et al . (1985) 

0.40 

<1.3 

x 1C? 


*From Destombes et al . (1977), Brown and Evenson, (1983), and Brown et al . , (1982). 

turn includes all downward transitions from the J=3/2 levels, not merely the 163p transitions. 
tThis includes the flux from the CO J = 3H30 transition at 84.411 yin (Viscuso et al . 1985). 
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III. QUANTITATIVE ANALYSIS 

In this section we will attempt to tie together all the various 
data available to us on the radiating OH gas in the Kleinmann-Low region 
of M42. For that purpose we will make use of the infrared observations 
on line radiation, far-infrared continuum radiation observed in the same 
region, as well as near-infrared H 2 observations and radio data on CO 
(Scoville 1981) assumed to be coextensive with the observed OH. We start 
with a number of preliminary deductions which narrow down the possible 
ways in which these data can be juxtaposed. 

Specifically, we will need to account for the following: 

0 The absolute as well as the relative line strengths of the 
different OH features that have been observed — m particular the 
relatively low flux observed m the 119 urn lines compared to the flux 
observed at other wavelengths. 

0 The similarity of line strengths in the two OH components, 
respectively at 84.4 and 84.6 urn, observed by Viscuso et al , , given the 
fact that the 84.4 urn component should appear considerably strengthened 
by an unresolved CO transition J = 31 to 30, only a Doppler shift of 30 
km sec * 1 removed from the OH component line center. That line strength 
can be determined from the strengths of neighboring CO features (e.g., 
Stacey et al . 1983) . 

0 The strengths of highly excited CO transitions from states J ^ 25 
cannot exceed observed values (Watson 1982), and that implies densities 
n^ _< 10 7 cm * 3 or temperatures T ^ 750 K for the OH-emitting region if 
it is coextensive with the CO-emitting gas. 

0 The observed A -doubl ing transitions within the H 3/2 (J 3 7/2) 
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state should be compatible with the 84 um radiation emanating from this 
same 1 evel . 

To that end, we adopt a number of assumptions: 

i) Following the arguments of Stacey et al . (1982) we adopt a mass 
of 1.5 M,, N~ 10 5 7 molecules, for the post-shock hydrogen region at 
temperatures 750 K, and take a representative temperature to be 10 3 K. 

ii) The 119 urn line observed by the Berkeley group (Storey et al . 
1981, Watson 1982) and the 84 urn line observed by Viscuso et al. (1985) 
may be partially self-absorbed. That is far less likely for the 163 rnn 
transitions, as we will see below. By referring the observed photon 
flux in these lines to a source at the distance of the Kleinmann-Low 
Nebula, we can infer that approximately 6xl0 47 photons per second 
emanate in the 1/2 li nes alone. 

iii) There are no spontaneous radiative transitions that go from the 
2 II 3/2 ladder over to the 2 n x /2 ladder (see Fig. 2), so the 2 TIi /2 
transitions must be col 1 i sional ly excited directly into that ladder. 

The collisional excitation cross sections to the individual parity 
states of that ladder have been measured by Andresen et al . (1984a, 
1984b) for collision energies ~ 680 cm -1 , corresponding approximately to 
a temperature T~ 10 3 K. Most of the collisions into that ladder are 
followed by radiative deexcitation down the ladder, until the J = 3/2 
state is reached. Summing over all the collisions that ultimately lead 
OH radicals to the 2 n 1 /2 a 3/2) l e vels, we adopt an effective cross 
section ~ 2.2 A 2 for the positive parity state and - 1.6 A for the 
negative state. We can now set 

N e a coll n 0 H 6v ~ n 0H ~ 6xl ° k7 sec_1 

and therefore 


n 


OH ~ 


_i cm -3 • 
e 


4 
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Here 6v is the thermal velocity dispersion for molecular hydrogen, ~3.6 
km sec* 1 at T = lC^K, and ng^ is the density of OH radicals in the 

post-shock region, e is the fraction of the post-shock gas containing 

OH. 

iv) OH tends to be rapidly destroyed in shocks. When it does 

survive, it tends to be confined to a narrow region at some distance 

behind the shock and even there it retains low abundance. In the model 
of Draine and Roberge (1982) the OH is confined to a layer 5xl0 14 cm 
thick and reaches a maximum density amounting to only 1 percent of all 
the other forms in which oxygen occurs in the same region: 0, H2O, O2 , 

etc. Without tying ourselves to the particular model in other respects, 
we will adopt a layer thickness d = 5*10* 4 cm, and an abundance relative 
to atomic hydrogen of 6*10" 6 . 

d = SxlO 14 cm 

n 0H^ n H 2~ and therefore n H ~ 3.6*10 5 e" 1 cm" 3 

v) We will assume a large-scale velocity dispersion Av ~ 30 km 
sec* 1 for OH — although, as above, we will assume a thermal velocity 
dispersion 5v within any individual locale. 

vi) We will adopt the collisional excitation cross sections of 
Andresen et al . (1 984a, 1984b) , shown 

also in Fig. 2. These lead to cross sections of - 2.5 A 2 , respectively, 
for direct excitation from the ground rotational state to the *113/2 (J 
= 5/2") state and to the 5/2 + state. Indirect excitation through 
collisions to higher states, followed by radiative transitions down to 
the 5/2 states, raise this cross section by roughly 30%. 

vii) Finally, we will assume a filling factor, gf, for the portion 
of our l'x l' beam, from which OH is emitted. The value gf < 1/2 is 
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suggested by the maps (e.g., Scoville 1981); but our angular 
resolution is far too small to rule out much smaller values of gf 
indicating a small-scale dumpiness and knots of hot OH distributed on a 
far finer scale. 

We new are in a position to derive some of the parameters that must 
characterize the emitting region and to describe the expected line flux; 

a) The volume of the emitting regions V can be set equal to the 
total number of hydrogen molecules present, divided by the hydrogen 
dens i ty 

V~ e N/n^ 

In our 1' square field of view, at the distance of Orion, we encompass 
an area [P , where D = 4*10 17 cm. If the filling factor is gf and the 
emitting layer has a thickness of d = 5*10 14 cm, we obtain 
V ~ tP d gf = &10 49 g f cm 3 

n u - e N/V ~ 1.25xl0 7 e gf 1 cm -3 
H 2 

This estimate for n^ can be combined with that obtained under 
subsection (iv) above to yield 
g f - 35 e 2 

n H 2 “ 2.1* 10 6 9f _1/2 , n 0H ~ 25g f -l/2 
Draine and Roberge as well as Chernoff et al . (1982) picture the Orion 
shock velocity to be ~ 35-40 km sec -1 , with a pre-shock density n^ 2 ~ 

4* 1(P cm -3 . The post-shock density determined by pressure equilibrium 
would be n^ 2 <. 10 7 cm -3 , for T = 10 3 K, in the absence of magnetic 

fields, the density being highest at greater distances behind the 
shock. Hence gf _> 10 -3 . We will anticipate a later result by 
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c o o 

assuni ng gf to be 0.1. Then n^ ~ 6.6x10 cm - , nQj^ ~ 80 cm - , 
e ~ 0.05. 

b) Collisional de-excitation occurs in a time 
t cd ~ [n H 2 <5 v a cd ] J ~ 2340 (g f /0.1)l/2 sec 

where we have set a cd ~ 1.8xl0" 16 cm 2 , for the * 113 / 2 » J * 7/2 
states. This is an estimate amounting to roughly twice the cross 
section for collisions leading to the ground, J = 3/2, state alone. 

c) The density of 119 um photons leaving the Nebula's surface in 
each doublet component n A (119 um) is obtained directly from the 
observed flux F( 1 19 um) and the distance R of the Nebula 

n (119 um) ~ F ( 1 19 um) -|5-_ ~ 45 (gf/0.1)- 1 . 
i trgfc 

The flux due to the grain continuum radiation triples the number density 
at this wavelength, within the Doppler width av = 30 km sec -1 . Finally, 
if both the ingoing and outgoing components of the radiation are 
considered, in order to obtain an estimate of the actual number density 
of photons within the Doppler width of each line component, deep within 
the Nebula, we need to double the density once again. Within each of 
the two line components we therefore have an isotropic photon density 
deep inside the Nebula 

n(119 um) - 270 (gf/0.1)" 1 . 

d) The time duration over which an atom in the ground state can 
survive before absorbing a 119 um photon is 

t a (119 um) ~ ( n( 119 um) c o(119 um)) - 1 - 25(g f /0.1) sec. 

Here we have made use of the absorption cross section calculated from 
the Einstein A-values given by Destombes et al . (1977), Table 2, 
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„ , . g i X ji 3 

a (A . ) = A . — 

J1 ij gj &tAv 


a (119 pm) ~ 5xlO" 15 cm 2 . 


This estimate for t a (119pm) may be high, if the grain-emitting region 
is not coextensive with the shocked domain. Collisional excitation out 
of the ground state, into any of the higher states shown in Fig. 2 
occurs with a cumulative cross section a ce ~ 13 A 2 , and the time 
elapsed before ejection from this state through collisions becomes 

t ce ~ (o ce 5» n^)- 1 - 320 ( S f/0.1)l/2. 

Collisional excitation into just one of the J = 5/2 parity states takes 
roughly five times longer. Between these two excitation rates, the time 
spent by an OH radical before excitation to the J = 5/2 state of the 
2n 3/2 still is about 25(gf/0.1) sec. Since the lifetime of 

that state before spontaneous emission is only 7 sec — reduced to ~ 6 
sec if stimulated emission is taken into account — we see that the 
fraction of the population in the J = 5/2 state relative to that in the 
J = 3/2 state is 

f( 2 n 3/2 , J = 5/2) ~ (5(g f /0.1))- 1 . 

A similar analysis for the population of the 2 H 3 / 2 (J = 3/ 2) 
state yields t a (53pm) = 710( g f /0 . 1 ) - 1 , t ce ~ 1170(g f /0.1) 1/2 
sec. Such a low value to t a could explain all of the observed 163pm 
line radiation. The 84 and 119pm line emission, however, can only be 
explained through collisional excitation at a rate which also must 
produce approximately the observed 163pm line flux. This effectively 
sets an upper limit to the local 119pm photon density and also a lower 
limit to gf. 

e) About 45% of the collisional excitations lead from the ground 
state 2 H 3 / 2 (0 = 3/2) into the 2 Hy 2 ladder, and about half of these 
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excited OH radicals eventually drop into the J = 1/2 state. The time 
spent in that state is determined by two factors, the radiative 
deexcitation time, ~ 27 sec, and the time elapsed before a 163 urn photon 
is absorbed,- 20 sec at the radiation density expected, but dependent 
on the particular hyperfine level in which the OH radical ends up. The 
fraction of the total population at any instant in the 2 ni/2 ( J s 1/2) 
state therefore is likely to be - 5 to 10%. 

f) We now calculate the scattering optical depth at 84 um, t s (84 
urn). Making use of the absorption cross section for 84 um radiation, 
a (84 pm) ~ 6x 10 cm , again obtained from the Einstein A-coefficient 
in Table 2, we have 

T s (84um)~ (n QH f( 2 II 3/2 , J = 5/2) o(84 um) d) ~ 48(g f /0.1)-3/2 

To obtain the total number of resonant scattering events, 
undergone before a photon can escape the shock, we make use of a result 
derived by Slater, Salpeter and Wasserman (1982), for t s » 1, 
r t ~ 2r s ; then T t (84 um) ~ 96(gf/0.1)~ 3 /2. 

g) We still need to compute the absorption optical depth, given 
the number of resonant scattering events leading to escape from the 
Nebula. Since the lifetime against spontaneous emission from the 

2 II 3/2 = 7/2) state is (A(J = 7/2)) _1 ~ 2 sec (Table 2), we see that 

the 96(gf/0.1)~3/ 2 resonant scattering events mentioned above will 
cause OH molecules to spend a total of ~ 190(gf/0.1)"3/2 $ e c in the 
J = 7/2 state. However, since we saw that state to be col 1 isional ly 
de-excited in t C d~ 2340(gf/0.1) 172 sec, we conclude that the 
optical depth for absorption is 

t a (84 um) =T t (84 um) (A(J = 7/2) t cd ) - 1 ~ G.CS(g f /0.1)- 2 . 

The actual 84 um optical depth could be somewhat higher, if our estimate 



15 


for the collisional deexcitation cross section is too low. A relatively 
small change in gf could also raise the absorption. 

h) At this point it is essential to note that the collisional 
excitation rates to the J = 7/2 + and 7/2“ states are in the ratio 1:1.5, 
according to Andresen et al . This ratio will therefore also be 
reflected in the strengths of the two 84 pm line-components and in the 
final populations of these two parity states. The 84.6 pm line should 
be stronger than the 84.4 pm component, but the nearby 84.4 pm CO 
transition may compensate, leading to rough equality. 

If r a (84 pm) were as high as 0.3, we could have a partial but 
significant absorption not only of the two 84 pm OH transition but also 
of the CO, 0 = 31 to 30 rotational transition. The combined effect of 
these absorptions and of the larger collisional cross section giving 
rise to the 84.60 pm line could account for the apparent equal line 
strengths at 84.42 and 84.60 pm observed by Viscuso et al . 

i) The scattering optical depth for the 119 pm radiation is 
substantially greater than that computed at 84 pm, primarily because 
more OH radicals will be in the ground state, even though the fraction 
of all OH radicals in that state is only f( 2 H3/ 2 > J = 3/2) ~ 3/4. 

T t (119 pm) ~2r s (119 pm) ~2(n 0H o(119 u m)f ( 2 H 3/2 ,J=3/2)d) ~300(g f /0.1J 1/2 

To compute the absorption optical depth we note that spontaneous 
emission from the 2 n 3/2 (J = 5/2) state occurs in A(J = 5/2) -1 ~ 7 
sec, collisional de-excitation in t C( j ~ 880(gf/0.1) !/ 2 sec, since 
the collisional de-excitation cross section, again estimated as twice 
the cross section to the ground state alone, is ~ 4.9 A 2 , but that a 
third factor, namely stimulated emission, will also contribute roughly 
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with the same time constant as t a (119 um) ~ 25(gf/0.1) sec. Hence 

t (119 vm) ~ , — - — l.gCgf/O.l)- 1 . 

a V t cd (A(J = 5/2) + { t a ( 1 19 urn) ~ l ) T 

We would therefore expect 119 urn photons to be reduced by about a factor 
- 6 or 7 through absorption, if gf = 0.1. In fact, that was the prime 
reason for suggesting this value for gf in section (a). 

j) We can see that this gf value must be roughly correct. Under 
(a), above, we had found a density n^ ~ 2 . 1 * 10 6 gf - l /2 to give 

the observed 163 urn flux, provided this radiation was not 
self-absorbed. Since collisional excitation from the ground state , up 
the 2 il 3/2 ladder, is— 2 times as frequent as up the 2 ni /2 l adder 
(Fig. 2), and since the 119 um photon flux is only half the flux emitted 
from the 2 H 3/2 state > we see that the observed 119 um flux will be 
obtained if only one-fourth of the 119 um radiation emerges from the 
region unabsorbed. Hence, gf ~ 0.1 in section (i). In addition, we 
already noted in subsection (d) above that a doubling of the 163 um 
radiation could be achieved through absorption of 53 um grain continuum 
emission. This may reduce the required self-absorption at 119 um. 

k) To account for roughly equal fluxes at 84 and 119 um, we note 
that the collisional excitation rates to the 2 il 3/2 ( d = 7/ 2) levels 
are about one-third the rates to the 5/2 level (Fig. 2). This 

lower excitation rate evidently compensates for the larger optical depth 
at 119 um and keeps the 84 and 119 um flux levels comparable. 

l) The collisional excitation rates to the 2 n^/2 ( J = 3/2) and 
2 ll 3/2 (J = 7/2) levels are roughly comparable, but the significantly 
popul ated 2 n i/2 ( J = 5 /2) states decay primarily through transitions 
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down the 2 n iy2 1 adder » almost doubling the number of transitions in 
the 163 um line, as in Table 2. 

m) We still need to take into account the relevant radio data. 
Matthews et al. (1985f find a broad 13.44 GHz emission feature with a 
width of 25 km sec" 1 in the 4 + 4" A-doubling transition of the z il 3/2 

(J = 7/2) state. Though their field of view was 2.13' , half-power 
width, it is most likely that this widened feature comes from the more 
confined shock -region. Their cited sensitivity 4.5 Jy K" 1 and atenna 
temperature of 0.02 K corresponds to a 0.1 Jy flux over a 1.1 MHz 
bandwidth or IQ -2 photons cm -2 sec -1 at the receiver. The Einstein 
A-coeff icient for this transition is 9.3xl0 -9 , but stimulated emission 
by background photons dominates these radiative transitions, since 

B(v ) = A(v ) ~ 0.2 A(v ) 

and the 3 K background radiation provides an effective photon flux from 
sterad, 

nc - 25 cm" 2 sec" 1 

The transition rate, therefore, becomes 
ncB(v ) ~ 12.5A(v ) ~ 10" 7 sec" 1 

for an OH radical in an excited 2 H 3/2 (J = 7/2), F = 4 state. Any 

additional background radiation would increase this stimulated 

emission. The ionized gas near the Kl ei nmann-Low Nebula could increase 

stimulated emission by an order of magnitude along our line of sight, if 

it were behind the Nebula. Since it is believed to be largely between 

the observer and the Nebula, however, it should not add to the 

stimulated emission. Some ionized gas on the far side of the Nebula 

can, however, not be entirely ruled out. 

The region is optically thin to the 13.44 GHz radiation and we can 
^ Ibid p. 3 
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therefore compare this microwave flux to the 84 ym flux emanating from 
the same level. Matthews et al . observe only one polarization, and we 
recognize that their radiation comes only from one F level. With this 
in mind, and the 84 urn A-coefficient for this transition from Destombes 
et al . , 5.3* 10 -1 sec -1 , we would expect, in our observations, to see 

_< 2* 10 5 photons sec -1 cm -2 . 

The fact that we see an order of magnitude less may be due both to 
stimulated emission at 13.44 GHz and to absorption at 84 urn. 

n) Three predictions can be made, if the calculations outlined 
here are correct, and if the Andresen et al . (1984a, 1984b) collisional 
excitation cross sections prove to be accurate. First, we would expect 
the 163.4 um line-component to be roughly 70% as strong as the 163.1 ym 
radiation in the flux received from the Kleinmann-Low Nebula. Second, 
we would expect the 119.2 ym flux to be - 13% weaker than the 119.4 um 
flux. Both statements rest on cumulative collisional excitation rates 
up the 2 H 1/2 and 2rr 3/2 ladders, respectively. Third, the 2 ni /2 
(J = 1/2) state is likely to be appreciably populated, since it only 
decays slowly to the ground state. It should therefore resonantly 
scatter 163 ym radiation more effectively than the 2 ll 3/2 (J = 3/2) 
state scatters 53 ym radiation. The 53 ym flux should, therefore, be 
stronger than expected solely on the basis of Einstein coefficients for 
the 53 and 163 ym transitions. Compared to the 163 ym line the 96 ym 
transition also should appear disproportionally strong. 

These conclusions should be placed on a more secure basis through a 
multilevel radiative transfer computation which we expect to undertake. 



IV. THE CH EMISSION 


We now turn to the CH emission for which we have only been able to 
determine an upper limit in the 149 urn lines, comparable to the flux 
actually measured in the two 119 ym components of OH. It is not clear 
at which density CH would survive in the wake of a shock. CH readily 
combines with atomic oxygen to form CO, and it may well be that our 
observations are consistent with that reaction. Rydbeck et al . woul d 
suggest that CH would normally be four times less abundant than OH in 
regions like the Orion Nebula, but the densities expected in shocked 
gases might deviate considerably from that figure. 


V. CONCLUSIONS 

We can account for the flux levels observed in the 163 ym lines of 
the OH radical reported here, as well as the flux levels at 119 ym 
(Storey et al . 1981, Watson 1982) and 84 ym (Viscuso et al . 1985) by 
postulating emission from a gas cloud at temperature T ~ 10 3 K, having 
thickness d~ 10 1 4 cm with density n^ 2 ~ 7><10 6 cm -3 and OH abundance 

n 0H/ n H 2 ~ the post-shock domain is taken to occupy a 

fraction gf ~ 0.1 our lxl' field of view centered on the 
Beckl in-Neugebauer object in the Kleinmann-Low Nebula. The OH column 
density is Noh~ 4*10 16 cm -2 in the emitting regions. Optical -depth 
effects play a major role in determining the relative strengths of the 
observed lines. In particular, the 119 ym line components are strongly 
self-absorbed, and the 84 ym lines may be sufficiently self-absorbed, to 
also partly absorb the J = 31 to 30, CO emission from the gas despite 
the high Av ~ 30 km sec" 1 velocity dispersion along the line of sight. 

Observational upper limits have also been placed on the CH, 149 ym 
flux from the same Nebula. 
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Figure 1 


Figure 2 


FIGURE CAPTIONS 


- Corrected observational spectrum of the 163u region. The 
spectrum includes a correction for a ringing contribution due 
to the strong CO rotation transition feature at 162. 82u 
previously found by Stacey et al. (1983). The two OH 
features are indicated. The spectral resolution — the 
ability to separate two contiguous lines of equal brightness 
is given by the separation of two spectral bins, 0.26u. The 
separation between bins is 0.13u. 

- The OH-level diagram adapted from Brown et al . (1982). 

Numbers in parentheses are collisional cross sections from the 
2 

n 3/2 (J = 3/2) level as given by Andresen et al . (1984a and 
1984b) and Schinke and Andresen (1985). 


Figure 3 - The CH-level diagram adapted from Brown and Evenson (1983). 
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